Introduction
Several endocrine, metabolic, and immunologic changes occur during the stress response to trauma and surgery. The hormones released as a result of such stimulation are controlled by the hypothalamo-hypophyseal and autonomic nervous system. This axis plays a role in endocrine regulation during the response to surgery and includes several signal and feedback effects (1) . Currently, laparoscopic surgery is becoming increasingly popular. However, surgical trauma induces a neurohormonal response in the body, leading to catabolic effects such as reduced insulin susceptibility, decreased carbohydrate storage, increased blood glucose levels, and degradation of lipid and protein, along with the occurrence of sodium and water retention (2) (3) (4) . The size of the incision is crucial in studies conducted to explore the neuroendocrine stress parameters created by surgery. These parameters are used to evaluate the neuroendocrine response in open and laparoscopic appendectomies and include insulin, cortisol, glucose, and prolactin levels (5, 6) .
In this study, we aimed to compare the responses and neuroendocrine changes due to surgical stress in open and laparoscopic appendectomies in children.
Materials and Methods
This study was conducted in the operating rooms of the clinic of pediatric surgery between July 2008 and September 2008. Approval was received from the Ethics Committee of Şişli Etfal Training and Research Hospital.
Sixty-seven patients aged between 6 and 14 years with a physical status of class I-II, according to the classification system of the American Society of Anesthesiologists (ASA), presented to the pediatric surgery clinic with acute abdominal pain. These patients were scheduled for open or laparoscopic appendectomy and were randomly divided into two groups without considering the physical examination or laboratory findings. The laparoscopic method was preferred for daytime operations due to technical issues. Patients with a systemic infection, endocrine disease, metabolic disease, or suspected perforation, as well as those who had difficulty cooperating, were excluded from the study.
All patients were initially physically examined, and the laboratory findings were then evaluated. The visual analog scale-a scoring system used to determine the severity of pain was explained to the patients and their families. Patients were asked to numerically express their pain status as 0 in the case of no pain and 10 for the most severe pain. Patients were also informed about the availability of patient-controlled analgesia (PCA) for postoperative pain control. Informed consent forms were received from all patients prior to the start of this study.
Vascular access was obtained before surgery and blood samples were collected for prolactin, cortisol, and glucose analysis at 0, 30, and 60 minutes and also at the end of the operation. Chemiluminescence was performed with a clinical immunoassay analyzer (E170; Roche Diagnostics, Basel, Switzerland) to analyze the level of cortisol and prolactin. The level of glucose was determined by photometry using the Architect C16000 clinical chemistry analyzer (Abbott Diagnostics, Lake Forest, IL, USA).
Initiation of general anesthesia was achieved with 1 µg/ kg of intravenous fentanyl, 5-7 mg/kg thiopental, and 0.5 mg/ kg atracurium. Orotracheal intubation was also obtained. Anesthesia was maintained with 50% oxygenise + 50% nitrous oxide + 1.5% sevoflurane.
Statistical analyses were performed with the NCSS 2007 statistical software package (NCSS LLC, East Kaysville, UT, USA). Descriptive statistical methods (mean and standard deviation) were used to evaluate the data, and analyses of variance tests were performed in repeated measures of the groups. The Newman-Keuls multiple comparison test was used to compare the subgroups, while an independent t-test was used in the comparison of the two groups. A chi-squared test was performed to compare qualitative data. The level of statistical significance was set at p<0.05.
Results
The demographic features of the patients are shown in Table I . No statistical difference was observed between the open and laparoscopic appendectomy groups in terms of age, gender, weight, or duration of surgery (p>0.05). In terms of the mean end tidal carbon dioxide pressure (ETCO 2 ) values, a significant difference was identified between the groups at 30 and 60 minutes and at the end of the operation (p<0.05). However, the mean arterial pressure (MAP), cardiac apex beat (CAB), and peripheral oxygen saturation (SpO 2 ) values were similar between the two groups at 0, 5, 10, 15, 30, and 60 minutes, and at the end of the operation. They were also similar at 1, 12, and 24 hours postoperatively (p>0.05). The mean levels of the neuroendocrine response parameters, including glucose, prolactin, and cortisol, were similar between the groups at 0, 30, and 60 minutes, and at the end of the operation (p>0.05) ( Table II) . The histopathological diagnosis was as follows: acute appendicitis in 40 patients, perforated appendicitis in 12, and lymphoid hyperplasia in 8. 
Discussion
The prevalence of laparoscopic interventions has recently increased in both adults and children. The advantages of this method include decreased wound infections, a shorter postoperative recovery time, reduced time to return to normal activities, and a reduced need for postoperative analgesia (7-9). Open and laparoscopic appendicitis studies exist in the literature, but few have investigated the neuroendocrine response (10) (11) (12) .
Surgical stress is a good indicator to use when evaluating the advantages of a new method and can be quantified by measuring hormones or cytokines in the blood. Studies have reported that the levels of blood glucose, adrenocorticotropic hormone, interleukin (IL)-1, cortisol, prolactin, antidiuretic hormone (ADH), growth hormone, and catecholamine increase due to the endocrine and metabolic response to surgical stress, while the levels of insulin and testosterone decrease (13, 14) . In support of these findings, Burton et al. (4) demonstrated that the stress physiological response to surgical trauma leads to a change in the manner of hormone secretion, including cortisol and anabolic hormones; in that study, the plasma levels of cortisol were increased, but the level of insulin was suppressed (4). Bozkurt et al. (7) compared the systemic stress factors in 29 ASA class children (aged between 1.5 and 4 years) who had undergone laparoscopy or laparotomy (7); arterial blood gas, prolactin, cortisol, IL-6, glucose, insulin, lactic acid, and epinephrine levels were evaluated from the induction of anesthesia to the end of the operation. In addition, heart rate, mean arterial blood pressure, ETCO 2 , and oxygen saturation were also recorded during the operation (7). In our study, the increase in the mean level of ETCO 2 may be related to the absorption of CO 2 administered to the abdomen during laparoscopy.
In other studies, the increase in the levels of insulin, cortisol, prolactin, epinephrine, lactate, and blood glucose was insignificant between laparoscopy and an open operation). These studies showed that the level of surgical stress created by laparoscopy in pediatric patients did not differ from that resulting from laparotomy (15) . The levels of IL-6 were increased in both groups, although the difference was not statistically significant. No difference was found between the hemodynamic values (heart rate and MAP) of either group (15) . In a study conducted by Peters et al. (16) and Walder and Aitkenhead (17) in, the presence of a pneumoperitoneum led to the enhanced secretion of ADH, adrenaline, noradrenaline, dopamine, rennin, and cortisol (16, 17) . The stress parameters in our study were similar to these studies. Blood glucose, prolactin, and cortisol values were higher in both groups. However, there was no difference between the two groups. This finding suggests that both methods cause a similar level of stress.
Bozkurt et al. (7) evaluated the efficiency of analgesia and the neuroendocrine response in patients treated with epidural morphine and PCA; 44 children aged between 5 and 15 years and scheduled for lower abdominal surgery were included in their study and were divided into two groups after the induction of anesthesia. Group I was administered morphine (0.1 mg/kg) in saline (0.2 mL/kg) via an epidural; Group II was administered morphine (0.1 mg/ kg) intravenous. The levels of glucose, insulin, cortisol, and morphine were then monitored at 1, 8, 12, and 24 hours after anesthesia. Heart rate, blood pressure, respiratory rate, Wong-Baker FACES pain scale score, sedation score, and complications were then compared between the two groups at 24 hours postoperatively. The increase in the level of cortisol, blood glucose, and insulin was similar in both groups, and respiratory depression was not observed. In our study, respiratory depression was not observed with the administration of PCA. Unlike the above study, we aimed to compare the effects of laparoscopic and open surgeries on the stress response; although the levels of cortisol, glucose, and insulin had increased, no significant difference was found between the groups.
Conclusion
This study demonstrated that the neuroendocrine response to surgical stress was similar in open and laparoscopic appendectomies performed on children. No significant difference was observed between the neuroendocrine responses developed in either group. However, ETCO 2 was significantly different between the groups. Financial Disclosure: The authors declared that this study has received no financial support.
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